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Summary.-Two soft-agar methods for assaying chemosensitivity ofhuman cancers
in vitro were compared with respect to colony morphology, plating efficiency (PE)
and chemosensitivity of human melanomas. In 9 xenografts and 9 patients' biopsy
specimens Method A (essentially that of Courtenay & Mills, 1978) gave considerably
higher PE than Method B (essentially that of Hamburger & Salmon, 1977) and, in
contrast to Method B, the number of colonies was proportional to the number of cells
plated. Evidence was obtained that the observed differences in PE could be attributed
to the low 02 concentration and the presence of rat red blood cells in Method A.
Colony morphology was similar in the 2 assays.
When cells from 4 xenografted melanomas were treated in vitro with DTIC, CCNU,
vinblastine and abrin, and theinhibition ofcolonyformation was assayed concurrently
in the 2 soft-agar methods, the tumour cells appeared to be more sensitive to 3
of the drugs in Method B than in A. The results demonstrate that chemosensitivity
data obtained with the2 assays cannot be directly compared.
CURRENTLY attempts are made in
many laboratories to predict the response
of human tumours to cytotoxic agents on
the basis of in vitro tests on dispersed
tumour cells. In such tests the ability
of the tumour cells to form colonies in
soft agar is widely used as end-point for
assaying their survival.
Two main variants of soft-agar assays
are currently used in chemosensitivity
testing of solid tumours; viz. the method
of Hamburger & Salmon (1977), and that
of Courtenay & Mills (1978). Although
data are available indicating that the
method of Courtenay & Mills gives
higher plating efficiency (PE) in ovarian
carcinomas and malignant melanomas
(Courtenay et al., 1978; Hamburger et al.,
1978; Meyskens, 1980), no systematic
comparison between the 2 methods has
appeared using the same samples. There-
fore we have compared here the 2
methods in the same series of melanoma
xenografts as well as in fresh biopsy
specimens from patients' melanomas.
MATERIALS AND METHODS
Tumours
Cutaneous and s.c. metastases from malig-
nant melanomas were obtained from patients
hospitalized in The Norwegian Radium
Hospital. Human melanoma xenografts were
grown serially in athymic nude mice, as
previously described (Fodstad et al., 1980)
and used when 8-15 mm in diameter. After
surgical removal, xenografts and patients'
metastases were put in ice-cold isotonic
saline and 5-20 min later the tumours were
disaggregated.
Disaggregation oftumnour cells
Normal and necrotic components were
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mechanically. Briefly, tumour tissue was
minced by crossed scalpels in Ham's FIO
medium (Flow Laboratories, Glasgow) supple-
mented with 15% foetal calf serum, 100 i.u./
ml penicillin and 100 ,ug/ml streptomycin.
The tumour fragments, - 1 mm in diameter,
were passed several times through needles
of decreasing diameters. The suspension of
single cells and tissue fragments was trans-
ferred to a 20ml test tube and the fragments
were allowed to sediment for 5 min. The
single-cell suspension was removed, centri-
fuged and resuspended in serum-containing
medium. The cells were counted in a haema-
cytometer under the phase-contrast micro-
scope. Bright cells with an intact outline
were scored as viable.
In each case several dilutions of cells were
made and each cell suspension was divided
into 2 portions, one of which was set on
ice and later used for plating in soft agar
according to Method A carried out at
Norsk Hydro's Institute for Cancer Research.
The other portion was immediately trans-
ported on ice to The National Hospital, Dept
ofClinical Pharmacology, andused forplating
in soft agar according to Method B. The cells
were plated simultaneously in the 2
laboratories after 1-1 h on ice.
In chemosensitivity experiments, 106 cells,
suspended in 1 ml serum-containing medium,
were incubated with various concentrations
of DTIC (Dome Laboratories, Slough) CCNU
(H. Lundbeck, Copenhagen, Denmark) and
vinblastine (Eli Lilly & Co., Basingstoke),
3 of the drugs commonly used in the treat-
ment of human melanomas, and the cancero-
static protein abrin (Olsnes, 1978) as pre-
viously described (Tveit et al., 1980). The final
concentration ranges were 0-08-8 mg/ml for
DTIC, 1-25-125 jtg/ml for CCNU, 0-25-25
,tg/ml for vinblastine and 1 1-110 ng/ml for
abrin. After incubation at 37°C for 1 h the
cells were washed twice in phosphate-buffered
saline (pH 7.4) and appropriately diluted in
serum-containing medium. Each suspension
of cells was divided in 2 parts, and the
cells were seeded into agar as described above.
Soft-Ayar a8says
Method A.-This procedure was performed
as described by Courtenay & Mills (1978),
except that heavily irradiated cells were
omitted. Rat (August) red blood cells (RBC)
were used after rinsing heparinized blood in
isotonic saline, removal of the buffy coat
and heating to 44°C for 1 h. Briefly, soft-agar
cultures were set up in triplicate in 10ml
culture tubes by adding 0-2 ml RBC (diluted
1:8), 0-2 ml of the appropriately diluted
tumour-cell suspension and 0-6 ml 0.5% agar
(Bacto) to the tubes. The tubes were imme-
diately set on ice, gassed with a 5% 02,
5% C02, 90 o N2 mixture and sealed. The
cultures were then incubated at 37TC, and
after 5-7 days 2 ml liquid medium was added
to each culture. The medium used for all
purposes was Ham's FIO medium supple-
mented with 15% foetal calf serum and anti-
biotics, as described above. In some experi-
ments, as indicated, RBC were omitted and
an atmosphere of 5% CO2 in air was used
instead of the hypoxic gas mixture.
Method B.-This procedure was used as
described by Hamburger & Salmon (1977)
with the modifications introduced by Mey-
skens et al. (1981). Foetal calf serum was thus
used instead ofhorse serum in the upper agar
layer, and no conditioned medium was added
to the underlayer. In brief, underlayers con-
taining0-5% agar (Bacto) inenrichedMcCoy's
5A medium (Gibco Laboratories, Glasgow,
Scotland) were prepared in 35mm plastic
Petri dishes. Cells in appropriate dilutions
were suspended in 0-3%o agar in CMRL 1066
medium (Gibco Laboratories) supplemented
with 15% foetal calf serum, 100 i.u./ml peni-
cillin, 100 ,ug/ml streptomycin and the enrich-
ments described by Hamburger & Salmon
(1977). One ml of the mixture was subse-
quently poured onto the underlayers and
was allowed to solidify at room temperature.
Triplicate cultures were incubated at 37°C
in an atmosphere of5% CO2 in air. In certain
experiments washed RBC (the same batch
and the same final dilution as in Method A)
were mixed with the tumour-cell suspension
and the agar constituting the overlayer.
Furthermore, instead of the atmosphere of
500 CO2 in air, routinely used, the hypoxic
atmosphere of Method A was used.
Colonies ofmore than 30 cells were counted
concurrently in the 2 laboratories after
14-21 days" incubation, using a Zeiss stereo
microscope. The plating efficiency (PE) was
defined as the number ofcolonies formed as a
percentage of the number of viable cells
plated. In the chemosensitivity experiments
the number of colony-forming cells surviving
treatment was expressed as a percentage of
the untreated controls.TWO SOFT-AGAR METHODS FOR CLONING MELANOMAS
RESULTS
Colony morphology
Different melanomas showed individual
and characteristic differences in colony
morphology, varying in size, compactness
and pigmentation. When colonies from the
same melanoma were studied in the 2
different soft-agar assays, they were often
smaller with Method B. However, the 2
methods gave no consistent difference in
the density and pigmentation of the
colonies.
Plating efficiency
In order to use a soft-agar method for
assaying chemosensitivity in vitro, it is
necessary to establish linearity between
the number ofcells plated and the number
of colonies formed.
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FIG. 1.-Plating efficiency as a function ofthe
number of cells plated in the 2 different
soft agar methods. The results for 2
melanomaxenograftsare shown. 0, Method
A; 0, Method B; points, mean of 3
cultures.
In Fig. 1 are shown the PEs obtained
with the 2 methods as a function of
the number of cells plated in 2 melanoma
xenografts. Inboth cases the PEs obtained
with Method A were, within experimental
error, independent of the numbers of cells
plated. In contrast, the PEs found with
Method B were low when cells were
sparsely seeded, and increased rapidly
when the number of cells plated exceeded
3 x 103. Thus in Method B the PE
strongly depends on the number of cells
plated, but this is not so in Method A.
When the PEs obtained with the 2
methods after plating 104 and 105 cells
were measured in 9 melanoma xenografts,
TABLE I.-Plating efficiency of human
melanoma xenografts in 2 different
methods
Xenograft
E.F.
V.N.
G.E.
E.E.
U.E.
M.F.
R.V.
EFM6Tt
SLMSTt
Plating efficiency (PE)*
Method A Method B A/B
9-6 4-1 2-3
1-2 07 1-7
11 005 22
8-3 0-6 14
0.1 0-006 17
0.9 005 18
0-2 0-02 10
1-5 0 oo
50 09 5-6
* Number of colonies in per cent of viable cells
plated. 104 and 105 cells were plated in agar. PEs
higher than 0 50o are calculated on the basis of
l04 cells plated. PE values lower than 0 5% are
based on 105 cells plated.
t Grown in culture before passaging in mice.
they were found to be higher with Method
A (Table I). In one case no colonies were
obtained with Method B. For the remain-
ing xenografts the ratio between the PEs
obtained with the 2 methods varied
from 1-7 to 22. When experiments were
carried out directly on biopsy specimens
from patients' melanomas, the differences
in PE between the methods were even
greater (Table II). By chromosome and
isoenzyme analyses, as well as by cultiva-
tion of fibroblasts and marrow cells in
agar, we have previously found that the
high PEs obtained with Method A could
not be attributed to colony formation
from normal cells (Tveit et al., 1981).
The PEs here found are similar to those
reported by previous authors using the
same methods (Courtenay et al., 1978;
Meyskens, 1980).
TABLE II.-Plating efficiency of patients'
melanomas in 2 different methods
Patient
E.H.
E.0.
D.P.
S.E.
K.F.
R.H.
A.O.
A.A.
R.0.
PE (see Table I)
, ~ ~ ~~A
Method A Method B A/B
0-01 0 oo
007 001 7
o o
7 7 009 86
10 1 0 00
06 0002 300
0 0
09 007 13
24 03 8
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FIG. 2.-Plating efficiency of 2 xenografted
melanomas cultiv-ate(l in soft agar un(ler
(lifferent culture con(litions. A and B: Xeno-
graft E.F. C and D: Xenograft E.E. The
results obtained with Mletho(l A are shown
in the left panel, those obtainedl with
Method B, in the right, panel. Symbols:
Q, 50% 02+RBC; E, 20% (2+RBC;
*, 5o/ 02, no RBC; 0, 20% 02, no
RBC; points, meani of ,3 cultures.
We have shown (Tveit et al., 1981)
that when melanoma cells were cultivated
by the method of Courtenay & Mills,
the PEs were highest when RBC were
present and with a low 02 concentration.
To study whether the differences in PEs
between the methods could be accounted
for solely by these 2 factors, we added
RBC to the overlayer and reduced the 02
concentration in Method B. Conversely, in
Method A some cultures were exposed
to high 02 concentration (20%), and RBC
were omitted. Fig. 2 shows the results for
2 different melanomas. In both mela-
nomas the high PEs obtained with the
standard procedure A were reduced when
the oxygen concentration was raised to
20o', and still more when RBC were
omitted (at 5°O 02). The PEs were lowest
when RBC were omitted and the 02
concentration was 2000. Conversely, in
both melanomas the low PEs obtained
with the standard procedure B were
improved when the 02 concentration was
reduced to 500, and still more, ifRBC were
added (at 20% 02)- When the 2 factors
were combined, the PEs were increased to
about the same level as obtained with the
standard procedure A. Similar results
were found with 3 other melanomas. The
results indicate that the differences in
PE observed with the 2 methods can
be adequately accounted for by these 2
variables.
Chemosensitivity
Since the 2 procedures give differetit
PEs, it becomes important to establish
whether the 2 methods give the same
relationship between the concentration
of a cytotoxic drug and the number of
colonies formed. Dose-response curves
were determinied in 4 different melanomas
after exposure to DTIC, CCNU, vinblas-
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FIa. 3.- Dse-response curves of a melanloma
xenograf-t (V.N.) cultivxated in soft agar
according to the Mlethods A (C ) and B (0).
I)ispersed cells were treated iti vitro for I 1i
with increasing concentrations of DTIC,
CCNU, vinblastine and abrin. 3 x 104 cells
were plated in soft agar, and their residual
ability to form colonies was measured aftei-
2 weeks' incubation. 400 colonies were
formed in the control cultures in both
methods. Points: Mean of 3 cultures.
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tine and abrin. Fig. 3 shows the results
for one melanoma. In this particular case,
the number of cells plated was the same
in the 2 assays, and the PEs were
similar. Nevertheless, the dose-response
curves with the 2 methods show distinct
differences for 3 of the 4 drugs tested. The
difference is particularly clear in the case
of vinblastine. In this case, as well as with
abrin and CCNU, the tumour cells ap-
peared to be more sensitive when cultiva-
ted by Method B. Similar results were
obtained with 3 other melanomas. In all
cases the difference was most pronounced
with vinblastine and least (or lacking)
with DTIC.
DISCUSSION
Several facts seem to emerge fromii the
present investigation. In the first place
the data show that in melanomas the
number of colony-forming cells in soft
agar obtained with Method A are consider-
ably higher than those obtained with
Method B. Secondly, it appears that this
difference can be attributed to the use
in the former of the low 02 concentration
and the addition of rat RBC, implying
that the enrichments used in the Method
B is of little consequence. Moreover, the
dose-response curves obtained after expo-
sure to cytostatic agents differ in the
2 methods.
An interesting question is why low 02
concentration and the presence of RBC
improve the PEs. It is well known that
02 in high concentration is toxic, as it
induces the formation of peroxide radicals
which are normally disposed of by cellular
enzymes (Feeney & Berman, 1976; Frido-
vich, 1976). A concentration of5O% oxygen
resembles much more the concentration
actually found intissues than the 20% used
in Method B, and in most tissue culture
work (Richter et al., 1972). This factor
may be particularly important if cells are
damaged and the enzymatic mechanisms
degrading peroxides are not operating at
full capacity. The most probable explana-
tion of the role of RBC is that they con-
tain a factor which somehow stimulates
cellular growth (Bradley et al., 1971;
Metcalf, 1973). However, no firm evidence
is currently available on this point.
The reason for the higher sensitivity to
certain drugs with Method B is not clear.
Several explanations may be considered.
The lack of linearity between the number
of cells plated and the colonies formed in
Method B open the possibility that after
exposure ofthe cells to the cytotoxic drugs
the number of surviving clonogenic cells
may be reduced to the level at which there
is no longer proportionality between cell
number and colonies formed. A second
possibility is that the RBC or the low 02
concentration used in Method A may
somehow facilitate the recovery of par-
tially damaged cells, enabling them to
divide and form colonies. A third possi-
bility is that the conditions used in Method
B contain some factor(s) enhancing the
damage caused by the test substances. In
this connection it is interesting to note
that Prasad et al. (1979) have obtained
evidence that ascorbic acid may potentiate
growth inhibition by certain agents on
neuroblastoma cells in culture. This sub-
stance is routinely added to the culture
medium in the Method B.
The question whether chemosensitivity
tests carried out by the 2 different
methods will give different predictions of
in vivo response cannot be readily ans-
wered. It is clear, however, that since a
certain drug concentration inhibits colony
formation to different degrees in the 2
assays, data obtained with the 2 soft-
agar tests cannot be directly compared.
The important point to be realized is that
both in vitro methods have to be calibrated
by correlation with the concurrent chemo-
therapeutic response in vivo.
The present results demonstrate several
advantages of Method A over Method B.
In the first place it gives linearity between
the number of cells plated (in the range
102-105) and the number of colonies
formed. Secondly, the higher PEs obtained
with Method A presumably give a more
representative sample of the tumour stem
cells in vivo. Furthermore, it permits the
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study ofsmaller amounts oftumour tissue,
and colony formation can sometimes be
obtained where no colonies are found by
Method B. It follows that with Method A
chemosensitivity tests can be carried out
in a greater percentage of the patients.
It thus appears that, at least in the case
of melanomas, Method A is preferable
to Method B.
It seems probable that similar differen-
ces in PEs to those obtained here in
melanomas with the 2 soft-agar methods
may be found in other types of cancer.
Preliminary studies indicate that this is
the case in human gliomas. Further com-
parisons between the 2 methods have to
be carried out in a variety of human
cancers.
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